The aim of this study was to determine the ceruloplasmin (Cp) and vitamin C concentrations, the total antioxidant status (TAS), and selected biochemical parameters in dairy cows spontaneously infected with bovine leukaemia virus (BLV). Of the 27 cows included in the study, 18 animals were seropositive for enzootic bovine leukosis (EBL), whereas nine cows were seronegative and were used as controls. The serum aspartate aminotransferase (AST) (P = 0.003) and Cp concentrations (P = 0.03) decreased (65.17 ± 5.03 and 7.70 ± 0.72 respectively) in BLV-infected cows, as compared to healthy animals (100.67 ± 11.50 and 10.40 ± 0.70 respectively). A slight insignificant increase in alkaline phosphatase activity and unchanged levels of alanine aminotransferase, lactate dehydrogenase, calcium, magnesium, and TAS were demonstrated in EBL cows. As the TAS and vitamin C levels remained unchanged in EBL cows, it may be suggested that ruminants may compensate for the impaired oxidative/antioxidative balance. The results obtained also indicate that BLV may suppress AST and Cp synthesis or secretion in the liver through an unknown mechanism. The mechanism of action of BLV in hepatocytes, especially on AST and Cp, requires further investigation to elucidate the immune suppression caused by oncogenic retroviruses.
Introduction
Bovine leukaemia virus (BLV) is a ubiquitous oncogenic deltaretrovirus, responsible for enzootic bovine leukosis (EBL), a chronic lymphoproliferative disease in cattle (14, 15, 30) . The virus has a genomic organisation similar to human T-cell leukaemia virus (HTLV-1). A genome integration strategy used by both BLV and HTLV-1 is an important step in their sustenance in the host genome (12, 14) . Despite infecting different target cells, the two viruses have similar mechanisms for persistence, spread, and transformation (21) . Furthermore, EBL infection is generally asymptomatic and manifests itself as either persistent lymphocytosis or a neoplastic B cell leukaemia/lymphoma associated with the clinical stage (14) .
Some haematological changes have been reported within the different stages of EBL (25) . Altered blood enzyme profile, as well as biochemical and oxidative stress parameters were also reported by different researchers (25, 28, 29) . The relevant data vary widely among investigators; an increase in alkaline phosphatase (ALP) activity and inorganic phosphate in cattle with leukosis were reported by Spatar and Tsimbal (29) , whereas a decrease in ALP activity was reported by Hisamutdinov et al. (8) at the tumour stage of EBL. Increased blood serum LDH activity was reported in sheep which were experimentally infected with EBL virus (23) , but reduced LDH levels were determined in spontaneously infected cattle with altered blood cell counts (24) . Beside routine biochemical parameters, the oxidative status of the organism has been studied by some researchers in recent years (19, 28) . Blood serum glutathione peroxidase activity (GPx) was found to be decreased and total antioxidant status (TAS) was unaltered in BLV-infected dairy cows (28) . Ceruloplasmin (Cp) is an acute phase protein, which also serves as an antioxidant in the organism. Acute phase proteins are non-specific indicators of health, synthesised in hepatocytes during acute phase response of the organism, and are mediated by cytokines. During the acute phase response, the concentration of the acute phase proteins in serum changes dramatically (18) . To our knowledge, this is the first study to analyse the Cp levels together with vitamin C and other biochemical parameters during BLV-infection. Hence this study aimed to determine the Cp and vitamin C levels, TAS, and some biochemical parameters in dairy cows spontaneously infected with BLV.
Material and Methods
Animals, samples, and the detection of BLV antibody. Blood samples were obtained from 27 nonpregnant Holstein-Friesian cows up to 2.5 years of age (2.206 ± 0.106) that came from a dairy herd located in the East-Mediterranean district of Turkey. Blood was centrifuged at 2000 g x 10 min to obtain serum and was stored at -86ºC until further analyses. The presence of BLV infection was determined on the basis of the BLV-antibody status. The sera were diluted 1:20 and tested using a commercial BLV antibody ELISA kit (IDEXX, France). All results were evaluated spectrophotometrically at 450 nm absorbance wavelength (ELISA Reader, Biotek Instruments, USA). A panel of nine BLV-free Holstein-Friesian cows was used as negative control; they tested negative by both PCR, using primer pairs (nucleotides 2464 to 2621) amplifying pol gene of BLV described elsewhere (27) , and ELISA for BLV. None of the animals included in this study were positive for BVDV antigen or antibodies to BHV-1 and paratuberculosis.
Determination of total antioxidant status and selected biochemical parameters. Total antioxidant status (TAS) was determined colorometrically using a commercial kit (Rel Assay Diagnostics, Gaziantep, Turkey). The results of the assay were calculated as μmol Trolox equivalent/L.
The assays of serum LDH, AST, ALP, ALT, Ca, and Mg were performed according to the standard procedures, using commercially available diagnostic kits (Abbott Diagnostics, Germany) with an automated clinical chemistry analyser (Architect c8000, Clinical Chemistry Analyzer, Abbott, USA).
Measuring serum ceruloplasmin and vitamin C concentrations. The serum was incubated with p-phenylenediamine dichloride in optimum acetate buffer. The enzymatic oxidation of p-phenylenediamine dichloride resulted in the formation of a pink product with the maximum absorption at 546 nm in spectrophotometer (UV 2100 UV-VIS Recording Spectrophotometer Shimadzu, Japan). Cp concentration was calculated using the formula described by Colombo and Richterich (5) .
Vitamin C is oxidised to dehydroascorbic acid and reacts with 2,4-dinitrophenylhydrazine. Treating dehydroascorbic acid with H2SO4, resulted in the formation of a red product with the maximum absorption at 520 nm in spectrophotometer (7).
Statistical analysis. Statistical analyses were performed with the SPSS software (SPSS Inc., Chicago, IL) and analysis of the differences among the treatments was performed with unpaired t-test. The results obtained were expressed as mean ± SEM. Statistical significance was set at P < 0.05.
Results
The investigated biochemical and oxidative parameters in healthy and BLV-infected cows are shown in Table 1 . The serum AST (P = 0.003) and Cp levels (P = 0.03) were decreased (65.17 ± 5.03 and 7.70 ± 0.72 respectively) in BLV-infected cows compared to healthy animals (100.67 ± 11.50 and 10.40 ± 0.70 respectively). There were no significant differences among the other parameters between BLV-infected and healthy cows. ALT -alanine aminotransferase, AST -aspartate aminotransferase, LDH -lactate dehydrogenase, ALP -alkaline phosphatase, TAStotal antioxidant status, Cp -ceruloplasmin, * P = 0.03, **P = 0.003
Discussion
Oxidative stress is a central issue in the process of aging and in the transformation or death of living cells. Viruses may alter the oxidative status by increasing the formations of iron and nitric oxide or by inhibiting the synthesis of enzymes involved in the oxidative defence within a host cell (26) . In this study, some biochemical variables, the total antioxidant status, and serum concentrations of Cp and vitamin C in BLV-infected dairy cows were investigated.
A slightly insignificant increase in ALP and unchanged ALT levels were determined, which is in accordance with the results of other researchers (25) , whereas unchanged Ca levels were incompatible. In addition, the ALT, LDH and Mg levels were not significantly changed in this study. Sandev et al. (25) suggested that the development of hypocalcaemia was related to the altered permeability of the cell membranes, which is regulated by Ca; however, in this study, the Ca and Mg levels were unchanged, suggesting normal cell membrane permeability and normal neuromuscular transmission (3) .
AST levels were significantly reduced in BLVinfected cows compared to healthy animals in the current study, in accordance with Sandev et al. (25) who also reported decreased AST levels (P < 0.05) in dairy cows seropositive for leukosis with both negative (n = 21) and positive (n = 15) haemogramme compared to healthy animals. In humans, the most important metabolic cause of decreased AST levels was reported to be vitamin B6 deficiency (22) . Some drugs, anorexia, and severe weight loss are also responsible for decreased AST levels (31). To our knowledge, no infectious diseases were related to decreased AST levels in animals. The reduction in AST levels in BVLinfected cows requires further investigation.
We determined decreased levels of Cp (P = 0.03; Table 1 ), and unaltered vitamin C levels. BLV has a genomic organisation similar to HTLV-1. Despite infecting different target cells (BLV affects B-lymphocytes and HTVL-1 affects T-lymphocytes), the two viruses persist, spread and transform through similar mechanisms (21) . The antioxidant system is suppressed in HTLV-1-infection, and vitamin supplementation (vitamins C, A and E) was shown to result in a significant decrease in the levels of modified DNA bases, a reduction in TBARS, and the restoration of the activity of the antioxidant enzymes (10) . Decreased levels of ROS were reported in B-cells isolated from BLV-infected sheep, ex vivo (4). In the current study, the total antioxidant status levels were unchanged, confirming the results of Souza et al. (28) , who reported unchanged serum TAS and MDA levels in BLV-infected cows. As ruminants synthesize vitamin C in their tissues (32) , the results obtained in the current study indicate that unaltered vitamin C levels may reflect the compensation of impaired antioxidant/oxidant status in ruminants. Cp is an acute phase protein that also serves as an antioxidant in the organism. It is produced mainly in the liver as a single polypeptide chain and secreted into plasma with Cu. Cp exhibits ferroxidase activity, suggesting anti/prooxidant properties (16) . Some studies suggest that Cp may play a role in the host-protective function. Several cytokines and other factors, such as interferon gamma (13) , interleukin 1-6 (20) and TNF-α (6) were shown to induce Cp synthesis in the liver, indicating a link between this protein and the immune function. Although Cp is generally considered a serum protein secreted by the liver, an extrahepatic expression has also been observed (1, 9, 11) . It was reported that in human peripheral blood lymphocytes, the two distinct Cp transcripts, namely the secreted and the membranebound glycosyl-phosphatidylinositol (GPI)-anchored isoforms, are constitutively expressed (2) . The Cp transcript was also reported in CD4 cells, CD8 cells, and B-lymphoblasts (17) . Reductions in the levels of Cp in BVL-infected cows may suggest a link between Cp and the immune system. Leukocytosis and lymphocytosis in BLV-infected cows have been documented in seropositive leukosis with positive haemogrammes (25) . Infections of immune system cells with BLV may disrupt Cp synthesis and secretion because of a proviral DNA formation. The relation between Cp and immune system cells may highlight a host defence system in oncogenic retrovirus infections, such as HTLV-1-infection.
In conclusion, as TAS and vitamin C levels were unaltered in EBL cows, the results obtained in the present study indicate that ruminants may compensate impaired oxidative/antioxidative balance, whereas BLV may suppress AST and Cp synthesis or secretion through an unknown mechanism. The mechanism of action of BLV in hepatocytes, especially on AST and Cp, requires further investigation to understand the immune suppression caused by oncogenic retroviruses.
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